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Abstract
Background
Population aging will pose huge challenges for healthcare systems and will require a promo-
tion of positive attitudes towards older people and the encouragement of careers in geriat-
rics to attract young professionals into the field and to meet the needs of a rapidly growing
number of old-aged patients. We describe the current demographic profile of hospital care
use in Denmark and make projections for changes in the patient profile up to 2050.
Methods
The Danish population in 2013 (N = 5.63 million) was followed up for inpatient and emer-
gency admissions recorded in Danish hospitals in 2013 using population-based registers.
We combined age- and sex-specific hospital care use in 2013 with official population esti-
mates to forecast the profile of hospital days up to 2050 with respect to age and sex.
Results
The total number of hospital days per year is projected to increase by 42% between 2013
and 2050, from 4.66 to 6.72 million days. While small changes are projected for the popula-
tion aged 0–69, the largest change is projected to occur for the population aged 70+. The
2013 levels were 0.82 and 0.93 million days for men and women aged 70+, respectively. By
2050, these levels are projected to have reached 1.94 and 1.84 million days. While the pop-
ulation aged 70+ accounted for 37.5% of all days in 2013, its contribution is projected to
increase to 56.2% by 2050.
Conclusion
Our study shows one possible scenario for changes in the hospital days due to population
aging by 2050: Assuming no changes in hospital care use over the forecast period, the
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absolute contribution of individuals aged 70+ to the total hospital days will more than double,
and the relative contribution of persons aged 70+ will account for nearly 60% of all hospital
days by 2050, being largest among men.
Introduction
Decreasing mortality trends in high- to low- income countries will rapidly increase the popula-
tion share of older individuals within the next few decades [1]. Currently, in these countries,
approximately one person in six is aged 65 or older. By 2050, it is projected that the number of
people aged 65+ will almost double within these countries, and that nearly one in three will be
65 or older [2]. As the prevalence of non-communicable diseases increases with age–including
cancers [3], circulatory diseases [4], and dementia [5]–population aging presents new chal-
lenges for healthcare systems, including hospital settings [6,7]. Preparing the medical work-
force for the changing demographic profile of patients has been identified as one of these
challenges [8]. Efficient delivery of high-quality care requires an adequate supply of well-
trained health workers to meet the needs of the patients. Already now, a number of countries
have reported substantial shortfalls in skilled medical workers [9].
A growing body of recent literature has reported that medical students and student nurses
tend to have negative attitudes towards older individuals [10–12]. Working with older patients
has often been described as a burden and as less satisfying than working with younger patients.
Negative attitudes towards the elderly have been shown to be important predictors for the
quality of care and treatment [13] and are one main reason why young medical professionals
tend to avoid the field of geriatrics [14]. Recent studies suggest that medical students are not
aware of who their future patients will be [11]. This is problematic, as aging and retirement of
the baby-boom generation will not only accelerate demographic changes, but are likely to
leave holes in the medical workforces [15]. Forecasts of future levels of health expenditure are
widely available. However, expenditure forecasts tend to be very sensitive to economic shocks
and unforeseen changes in costs or new technologies [16,17]. Less research effort has
addressed changes in the level and demographic profile of healthcare demands, including hos-
pital care. The profile of future hospital patients depends predominantly on changes in the
demographic composition of the population and is therefore easier to forecast because a large
proportion of future patients have already been born [18]. Previous forecasts of hospital care
demand have often focused on single causes of admission [19], or specific services only, such
as long-term or palliative care [20]. Only a small body of literature has studied the effect of
population aging on hospital care use patterns at the national level. While a small number of
studies exist for Australia and the US [21], very little is known about changes in hospital care
demand at country-level, and within the European healthcare context.
In the present study, we describe the current demographic profile of hospital care use in
Denmark and estimate the expected number of hospital days by age and sex in Denmark up to
year 2050. Our findings provide an empirical basis to suggest that the Danish population will
be in need of a healthcare workforce trained particularly in the field of geriatrics.
Materials and methods
Linking register data
This study utilizes routinely-collected register data, covering the entire Danish population. We
used the unique personal identification number (CPR-Number), which is assigned to all
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individuals residing in Denmark, to link records from the National Patient Register (NPR)
with data from the Central Population Registry (CPR). The CPR, established in 1968, contains
demographic information, such as information on each resident’s vital status, sex, and date of
birth [22]. The NPR, a population-based register, covers administrative and medical informa-
tion on all treatments provided in Danish hospitals since 1977 [23]. The NPR data have high
levels of completeness and reliability, making them a valuable data source for research. The
study involves secondary data analysis, and it was approved by the ethical committee assigned
through the Danish National Committee on Biomedical Research and the Danish Data Protec-
tion Agency.
Estimating hospital care use patterns from linked registers
From the CPR, we identified 5,602,628 men and women alive and residing in Denmark on
January 1, 2013, who were at risk of being admitted to hospital in 2013. These individuals were
followed up for all inpatient and emergency admissions recorded in Danish hospitals between
January 1, and December 31, 2013. We summed up the number of hospital days as well as the
population at risk by age separately for men and women. We then divided the number of hos-
pital days by the corresponding population at risk to obtain the average, annual number of
hospital days per person by sex and age in 2013.
In contrast to inpatient admissions, information on outpatient treatments includes the start
date and the end date of the treatment period, but not the number of days an outpatient has
received treatment in a hospital. This makes it difficult to assign each patient with a number of
hospital days per admission. In addition, obstetrics-related admissions have the potential to
introduce a strong sex bias. We therefore excluded both obstetrics-related admissions and out-
patient treatments from our main analysis, but included them in sensitivity analyses.
Population projection by Statistics Denmark
The most recent population projections are provided by Statistics Denmark, the Danish
national statistical office [24]. We utilized the estimates covering the period 2018 to 2050. This
is a so-called deterministic projection which makes forecasts based on observed trends in fer-
tility, mortality, and migration–the only parameters that can affect the size and structure of a
population–up to the middle of the 21st century. The future trajectories of these parameters
are assumed to be a reflection of current trends and are based on levels which have been
observed in Denmark within the last four years. A systematic and detailed overview of the pro-
jection assumptions that underlie these estimations is given in S1 Table [25,26].
Forecasting the demand for hospital care
Lastly, we projected future numbers of hospital days by age and sex using a baseline forecast
design [27,28]. We kept the age- and sex-specific hospital care use patterns of 2013 constant
throughout the entire study period and combined them with the population projection pro-
vided by Statistics Denmark. We multiplied the average, annual number of hospital days per
person observed in 2013 by the corresponding population in each year between 2018 and
2050, for single years of age and separately for men and women. As a result, we obtained the
total annual number of hospital days by sex and single years of age, which we aggregated into
four age groups, separately for men and women: 0–14, 15–49, 50–69 and 70+. Because the
number of hospital days is large, the sampling error is very small, and the confidence intervals
are hardly distinguishable from the projected line, and thus are not plotted. Preparation of the
dataset was done using Stata (Version 14), whereas forecasts and visualizations were produced
using R (Version 3.5.1).
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Results
Hospital care use patterns in 2013
Fig 1 shows the average number of hospital days per person in 2013 by age. The age trajectory
of hospital care use is consistently J-shaped among men and women. Within the first year of
life, the average number of hospital days per year is 0.9 days for men and 0.7 days for women.
From age 1 onwards, the levels decline and reach a minimum of 0.3 days at age 6 among boys
and at age 8 among girls. Thereafter, the levels plateau by age 30, at 0.3 to 0.4 days per year.
After age 40, the average number of hospital days per year starts to increase steadily with age,
to 4.6 days and 3.7 days among men and women aged 90+, respectively. On average, women
spend the same number of days in hospital as men between ages 13 and 45. At age 45 and
onwards, the annual number of days in hospital is lower among women than among men.
Changes in the population structure
According to Statistics Denmark, in 2013, the size of the Danish population was about 5.60
million: 0.98 million individuals (17.4%) aged 0–14 years, 2.56 million individuals (45.6%)
Fig 1. Average number of days spent in hospital per person in 2013.
https://doi.org/10.1371/journal.pone.0238912.g001
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aged 15–49 years, and 1.42 million individuals (25.4%) aged 50–69. In 2013, 0.65 million
Danes (11.6%) were aged 70+, of whom 0.28 million were men and 0.37 million were women.
The projections provided by Statistics Denmark up to 2050 are illustrated in Fig 2. It is fore-
casted that by 2050, the size of the Danish population will increase to 6.43 million individuals.
For the population younger than 70, only small changes in size are anticipated: 1.05 million
individuals (16.3%) will be aged 0–14, 2.70 million individuals (42.0%) will be aged 15–49, and
1.41 million individuals (21.9%) will be of age 50–69. Major changes are expected to occur in
the older population. By 2050, it is projected that 1.27 million Danes (19.8%) will be aged 70 or
older, of whom 0.59 million will be men and 0.68 million will be women. That is, the size of
the age group 70 years and above will almost double in absolute terms.
Changes in hospital days
In 2013, we observed 4.66 million hospital days in the Danish population. The population aged
0–14 accounted for 0.37 million days (7.9%), the population aged 15–49–1.07 million days
Fig 2. Population projections by sex between 2018 and 2050 provided by Statistics Denmark. � Source: https://www.dst.dk/en/Statistik/emner/befolkning-og-valg/
befolkning-og-befolkningsfremskrivning.
https://doi.org/10.1371/journal.pone.0238912.g002
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(22.9%), and the population aged 50–69–1.47 million days (31.6%). In 2013, men and women
aged 70+ contributed 0.82 and 0.93 million hospital days, respectively, together accounting for
37.5% of all hospital days.
We combined the age- and sex-specific hospital care use of 2013 with Statistics Denmark’s
population projections to forecast the number of hospital days up to 2050. Results of the fore-
cast are shown in Fig 3. The total number of hospital days per year increased by 42% within
the observed period, reaching an overall level of 6.72 million days in 2050. The number of hos-
pital days in the population younger than 70 is forecasted to remain relatively stable during the
projection period: 0.40 million days (6.0%) for the age group 0–14 years, 1.11 million days
(16.6%) for persons aged 15–49, and 1.43 million days (21.2%) for the age group 50–69 years.
In contrast, the number of days accounted for by the population aged 70+ is projected to
increase steadily and to more than double. By 2050, the population aged 70+ is forecasted to
account for 3.78 million days, or 56.2% of all hospital days. In the 70+ age group, men are
Fig 3. Projected annual number of hospital days until 2050.
https://doi.org/10.1371/journal.pone.0238912.g003
PLOS ONE Projecting hospital care use in Denmark from 2013 to 2050
PLOS ONE | https://doi.org/10.1371/journal.pone.0238912 September 30, 2020 6 / 12
expected to contribute 1.94 million days whereas women are expected to contribute 1.84 mil-
lion days. This will correspond to 28.9% and 27.3%, respectively, of all hospital days in 2050.
Sensitivity analyses
Our main findings do not include outpatient and obstetrics-related admissions. We examined
the impact of these admissions on the age- and sex-specific patterns of healthcare use in 2013
and the projection of annual hospital days up to 2050. We considered separately the impact of:
(i) admissions due to childbearing and birth control, (ii) outpatient admissions, and (iii) a
combination of both. Including these hospital admissions when estimating hospital care use
(further discussed in S1 Text, and presented in S1 Fig, S2 Fig, and S2 Table) did not alter our
conclusion that the population aged 70+ remained the most important driver of the increasing
number of hospital days over the forecast period. In addition, men aged 70+ were always the
fastest growing patient group treated in Danish hospitals in the period up to 2050 in all sets of
analyses.
Discussion
In this study, we show the demographic profile of hospital care use today and in the future.
Today, the population aged 70+ already accounts for more than a third of all hospital days.
Assuming no changes in hospital care use since 2013 over the forecast period, we showed that
the absolute contribution of individuals aged 70+ to the total number of hospital days will
more than double and will account for nearly 60% of all hospital days by 2050. By then, men
aged 70+ are projected to be the largest patient group treated in Danish hospitals.
Methodological considerations
We estimated the age- and sex-specific hospital care use for the baseline year 2013 using rou-
tinely-collected, individual-level register data. These data cover the total Danish population
and minimize biases due to recall or non-response related to under- or overestimation of
healthcare use–limitations which often affect studies based on self-reports [29].
Forecasting is, by its nature, uncertain. This applies to two components of our projection:
first, the structure of the Danish population and, second, patterns of hospital care use in the
future. For the first component we used the most recent population projection of the Danish
national statistical office. These projections are deterministic based on a continuation of cur-
rent trends in fertility, mortality, and migration until the mid-21st century [25,26]. For the
parameter with most uncertainty, namely migration [30], Statistics Denmark assumes rapidly
declining in-migration in the next few years relative to the 2015–2017 levels, and stabilization
of the trend thereafter.
Using a baseline forecast design, we froze the age- and sex-specific levels of hospital care
use observed in 2013. Freezing rates assumes that age- and sex-specific hospital care use will
remain constant in the future. Therefore, changes in the annual amounts of hospital days dur-
ing the projection period are driven exclusively by changes in the demographic profile of the
population. The S3 and S4 Figs show a summary of admission patterns in Denmark in the
years from 2004 up to 2013. The average number of hospital days clearly decline from 2004 to
2013, but less so within the last four years. We performed additional analyses to examine how
much the relative increase in the share of hospital days for the age group 70+ at the baseline
year influenced the share of hospital days attributed to the 70+ group. Our results suggest that
the relative increase in the share of hospital days for the 70+ group is very similar across base-
line years varying from 50% (in 2004) to a maximum of 54% (in 2010). As the fluctuations in
the age-specific patterns of hospital admissions could have been caused by the individuals’
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health behaviours, trends of major chronic conditions, and admission and treatment strategies,
long-term predictions of age-specific hospitalization rates are challenging. Keeping baseline
levels constant during the projection period is a pragmatic approach in forecasting and has
been applied to detailed projections of hospital care use [28] or fertility [31]. Especially when
over-arching trends are difficult to predict, freezing rates has been shown to outperform statis-
tically sophisticated techniques [31]. Additionally, the intention of this study is not to accu-
rately forecast hospital care use in future for Denmark, but to provide a glimpse into the
relative contribution of population aging to the total hospital care use by 2050, given that hos-
pitalization patterns remain constant over the forecasting period.
Health and hospital care use in ageing populations
In line with previous findings, our study shows that hospital care use at late and post working
ages is especially important for the total national hospital care demand. Previous research has
shown that two opposite trends may have an impact on future hospital care use levels at these
ages. On the one hand, if incidences of leading causes of death, including stroke and myocar-
dial infarction, continue to decline in low-mortality countries, including Denmark [32], this
morbidity postponement may reduce levels of hospital care use among the elderly [33].
On the other hand, it may be that the time spent with major chronic diseases does not
shrink as life expectancy increases, and that frailty among the elderly even increases [34]. In
addition, medical advances may facilitate safer hospital treatments of older patients, leading to
a growing number of individuals at older ages with chronic conditions and multi-morbidity
and higher levels of hospital care use in the future [35,36]. However, these new technologies
may also enable a shift of treatments from inpatient to outpatient healthcare settings. As all
these changes may occur simultaneously, the general direction of population-level trends in
hospital care use is difficult to predict. We therefore consider our findings to be neither overly
optimistic nor pessimistic, but to reflect a possible scenario.
Apart from long-term trends in admission strategies, hospital care use is also determined
by health behaviours. Studies show that smoking, hazardous drinking, obesity, lack of physical
activity, and an unhealthy diet are associated with a higher risk of hospitalization at the indi-
vidual level [37]. General trends in Denmark are encouraging, as smoking rates are decreasing,
diet has improved, and physical inactivity over the last two decades has decreased [38,39].
Future levels of hospital care use at the population level will be associated with the age pattern
of diseases, trends in health behaviours within populations, as well as with the organizational
structure and performance of healthcare systems.
Implications of a changing patient profile
Our study demonstrates that with the increasing number of individuals reaching older ages,
the number of hospital days for individuals aged 70+ will almost double in the period up to
2050.
To meet the complex demands of older patients, a multifaceted approach is needed includ-
ing changes in training of the medical workforce, organization of the healthcare system, and
financial rewards when working with older patients [8,10]. Qualitative studies suggest that
medical trainees lack realistic information about the proportion of older patients treated in
hospitals and necessary skills to treat these patients, who often have complex health problems
intervened with social issues [10,40]. Thus, one key step to move forward to improve geriatric
care is through education of healthcare providers [41,42]. Addressing these deficiencies during
clinical education may challenge negative stereotypes towards older patients and encourage
medical students and student nurses to join the field of geriatrics [12,41]. Furthermore, for
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these clinical experiences to effectively enhance students’ interest in caring for older patients,
clinical placements need to be carried out in the environments that value older patients and
are guided by inspirational senior professionals, who appear to be important for junior medi-
cal doctors and nurses [10,43].
In Denmark, geriatrics was recognized as a special field in medicine since the 1970s and
geriatric patients were treated in hospital long-term care departments or within departments
of general internal medicine [42]. In 2008, each of 72 geriatricians served approximately
12,000 persons aged 65 years and over, which is one of the highest ratios across countries
included in the European Union Geriatric Medicine Society (EUGMS) [42]. For example, in
Belgium, which is the best performing country within the EUGMS, approximately 6,500 adults
aged 65+ were served by one geriatrician, whereas the differences in life expectancy in these
two countries in 2008 were very small– 0.29 years among men and 0.88 years among women
[44]. Currently, geriatric chairs and research centers are located in Aarhus University Hospital,
Odense University Hospital, and Aalborg University Hospital with 84 geriatricians and 506
geriatric beds [45]. Given that persons of 70 years and older are the most rapidly growing part
of the Danish population (11% in 2013 vs. 19% in 2050), these figures for geriatric services sug-
gest that meeting the medical care needs of these older patients is a complex task, and they
highlight an urgent need to attract more junior medical personnel to work in the field of geri-
atrics. The education of healthcare workers is a long-term process and requires responsible
and careful planning. Planning the delivery of healthcare services and preparing for changing
care demands require an understanding of who the future patients will be. To meet future hos-
pital care demands, efforts to reduce prejudice towards the elderly among medical students
and student nurses must, as soon as possible, be prioritized [12]. Only sufficient numbers and
a well-balanced mix of specialists and sub-specialists can ensure that the healthcare challenges
of the aging populations will be met in the coming decades [18].
Conclusion
Already today, older people consume about one third of hospital care (in days), and this share
will continue to grow as populations age. If the level of hospital care use remains constant
since 2013, the number of days accounted for by the population aged 70+, especially older
men, will more than double by 2050. To ensure that hospitals meet the needs of the patient
population, a multidimensional approach is necessary. Reducing negative stereotypes about
older people and creating incentives to work with older patients, who typically have complex
health problems, must be a first step towards ensuring that future doctors and nurses are moti-
vated and qualified to join the field of geriatrics. Taking into account the time frame of training
medical staff, these issues should be addressed sooner rather than later.
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